The development of projects in industrial context constitutes an exceptional opportunity for engineering students to develop competences expected by the labour market. Therefore, the adoption of this type of interaction within engineering curricula is highly recommended, not only at the end of the degree, but also in the previous years. The main purpose of this paper is to present and analyse a Project-Based Learning (PBL) semester in which six teams of Industrial Engineering and Management (IEM) students integrate different areas of knowledge, while solving real problems of five companies, emphasizing the technical solutions developed by the students and the feedback provided by the companies. Students' feedback will be also addressed. The main outcomes of this study reveal that most of the technical solutions lie in areas of Lean applications and ergonomic improvement of workplaces. Companies were very pleased with the results of this type of University-Business Cooperation (UBC).
Introduction
Industrial Engineering and Management (IEM) professionals need to solve interdisciplinary problems, mobilizing knowledge from different areas of knowledge, like production planning and control and ergonomics, and resources that are transferable between different professions and functions, like teamwork and leadership. The mobilization of resources, like knowledge, abilities and values, to solve specific professional problems is an evidence of the use of competences (Le Boterf, 1997) . Competences related to specific technical areas of IEM are referred in this work as technical competences. Competences that can be transferred between different professional areas and functions will be referred in this work as transversal competences. The professional practice implies the combination of both (technical and transversal) in order to solve engineering problems. A study from Lima et al. (2013) showed that job advertisements for IEM professionals have much more inputs for transversal competences than for technical competences or areas of professional practice. The need for developing transversal competences is reinforced by engineering accreditation bodies (ABET, 2013; Institute for Higher Education Policy, 2008) and several IEM profile studies (Institute of Industrial Engineers, 2012; Mesquita et al., 2015) . A previous work showed that the majority of the courses of an IEM degree do not formally specify what transversal competences can be developed in each course . Furthermore, in the comparison of several European IEM curricula, it is not clear that students can interact with companies during their initial training phase (Lima et al., 2012) . 
Analysing learning projects in interaction with industry
An analysis of cases of learning projects in interaction with industry was developed aiming to create a better perspective of: (1) what can be done in different contexts of Industrial Engineering and Management education that create opportunities for development of projects in interaction with companies; (2) identify and classify different dimensions and variables of these PBL cases. In order to fulfil these objectives a systematic review was developed in 18 October 2016 using the Scopus online database system, which present itself as being " […] the largest abstract and citation database of peer-reviewed literature: scientific journals, books and conference proceedings" (Elsevier, 2016) . Using this research service three consecutive searches were executed, as represented in Table 1 . The first search included looked for all documents of engineering education related to problem and project-based learning, and additionally include the term industry, business or company. This was the starting point to identify a large set of references related to the theme of this article.
The step 1 of the search procedure returned documents from all engineering fields. In order to cope with the objective of this paper a second step allowed to restrict the earlier results to include studies only related to Industrial Engineering and Management area. Finally, a third step aiming to increase the quality of results restricted the documents to journals' articles. Table 1 . Search terms and steps.
Step Fields Terms results
1
Title + abstract + keywords "engineering education" AND ("problem-based learning" OR "project-based learning") AND (industry OR business OR company) AND 380 2
All fields "industrial engineering" OR "industrial engineering and management" OR "industrial management and engineering" OR "production engineering" OR "manufacturing engineering" OR "engineering management" AND 53 3 Source Type Limit to journals 15
Despite that the search results of step 1 included documents from all engineering fields there was the intention to analyse the five most cited documents of this set. These results were coded with a sequential number preceded by 1, from 1.1 to 1.5. These results are presented in Table 2 . The results from step 3 were coded with a sequential number starting with 3, and chronologically ordered. These results are presented in Table 3 . It must be noted that the three most cited references are also included in the set of results of step 3 and for that reason they appear respectively in references 3.08, 3.06 and 3.09. The number of citations for the whole set of references were included, but for this second group they were not considered for the process of analysis. In the first phase of analysis, all abstracts were read and the references were classified in relation to the country and the program they were related to. In this phase, two papers were disregarded because they were considered as not related to Project-Based Learning. In the second phase all documents were read and a deeper analysis was developed centred on the following criteria: Course, Organization and Industrial interaction. A summary of the results are described in both Tables 2 and 3. As referred above, in the set of works included in Table 2 there are three works related to the Industrial Engineering and Management area of knowledge. This interesting result shows that some of the most important works of PBL in interaction with industry is developed in Industrial Engineering and Management programs.
The foundation of most of the papers included in this review is the need to align the curriculum with the development of professional competences. In this context, Crosthwaite et al. (2006) describe a pedagogical model with five main processes applied in a never-ended cycle, and named as follows: Graduate Attributes; Learning Objectives; Learning Activities; Assessment Tasks; Assessment Criteria & Standards. These processes demonstrate the importance of identification of the professional competences' requirements. The identification of professional competences is reinforced in some works (Chung et al., 2016; Lima et al., 2012; Mesquita et al., 2015) .
A reason for the development of PBL environments is the development of competences, and not sole the acquisition and assessment of knowledge. Competences are also a central aspect of this work and for that reason was defined at the beginning of the introduction. However, this concept has not a unanimous understanding among the research community, neither in definition nor in classes of competences considered. In this line of thought, Crosthwaite et al. (2006, p. 42) consider the meta classes technical and generic, and use the term graduate attributes classified in four classes:
(1) foundation skills which are expected and separated from discipline skills; (2) personal skills which are considered important, but are still separate and independent of discipline; (3) clusters of personal attributes, knowledge and skills separate from, but enabling the application of and not seen as independent of discipline knowledge; and (4) abilities essential to and integrated with discipline knowledge and learning.
In another study, by Chung et al. (2016) , there is a set of sixteen industrial-oriented competences, classified in three classes as generic (e.g. Communication), professional (e.g. Accounting and statistical analysis) and workforce (e.g. Team work). Despite the fact that these competences are not defined in detail, a generic interpretation of the terms used in both the generic and the workforce, would make it possible to classify them as transversal in the classification used in this work. In general, the perspective used for attributes and competences of the works analysed are aligned with the definition of competence used in this work.
The number of articles that relate PBL with industry aspects is scarce, and in this research a total number of 13 were identified as relevant and analysed. Certainly, a higher number of works are being developed, but are not being published. This creates the need to increase the number of publications in this area, in order to answer to what is being done in different parts of the world and with what results, and understand and adapt how it can be done. In the screening presented here, most of the cases referred to group work and to the development of some sort of project. Regarding the industrial interaction (either manufacturing or service) in project approaches, it was possible to create the following classification:
• Simulation: problems presented to students are based on real problems, in what can be described as realistic problems, presented most of the times as case studies. The projects described in papers 3.07, 08, 11, 12, 13, 14, and 15, can be included in this classification.
• Visits: some of the projects' courses include visits to companies to clarify problems or grasp the real world context. The projects described in papers 3.01, 03 and 13 refer one to several visits to companies.
• Industry: a few projects describe projects to solve real problems in interaction with companies or contractors. Despite this, it is not clear the intensity of that interaction. Projects described in papers 3.02, 04, 05, and 09, can be included in this classification.
This systematic review presents a starting point for this and other works that intends to explore the introduction of real problems in Project-Based Learning approaches in Industrial Engineering and Management programs.
PBL context
The PBL edition analysed in this work involves six teams of students from the 7 th semester of the Integrated Master Course on Industrial Engineering and Management (IEM) and it is formalized in the curricular structure through the Integrated Project on Industrial Engineering and Management II course (IPIEM II). The other courses of the semester, (i) Production Systems Organization II (OSP II), (ii) Production Information Systems (SIP), (iii) Simulation (SIM), (iv) Ergonomic Studies for Workstations (EEPT) and (v) Production Integrated Management (GIP) are project-supporting courses (Figure 1 ). This project has a specific curricular integration, in which students are expected to develop competences from the previously referred courses and integrate them during the process. This means that a specific type of project and openness are required from the companies, which accept to receive the students at least weekly in order to create the opportunities for teams to develop the project with such a broad spectrum. Nevertheless, students in accordance with teachers and the company can focus in specific problems short time after the mid of semester.
Comparing this project with the examples that were researched in this work, it was possible to identify two unique characteristics of this one:
• Integration of courses: there was any other project in interaction with the industry showing such a high level of integration between different courses.
• Intensity of interaction: another unique characteristic that was identified in this project is the high level of intensity of interaction. Students have the opportunity to work in the company facilities at least one day per week.
Each team of students team is associated with a company (six companies are involved) and, in general terms, the main stages of the project are: (i) exploration, (ii) analysis and diagnosis of the company's production system and (iii) development of improvement proposals (Figure 2 ). During the exploration phase, students are assigned to teams and projects in a process mostly influenced by their will. After that, the first visits are made, and the teams start establishing their communication process with the company and their agents, understanding the company production system in a generic way, and finally defining the specific objectives of the project. In the second stage, and in the context of each one of five project supporting courses, students' teams use different representation and analysis methodologies/tools to evaluate the production system and identify problems. In the third stage, the teams should develop improvement proposals, using the different intervention tools/methodologies provided by the project supporting courses, in order to deal with at least one of the identified problems. In this particular IPIEM II edition, developed from mid September 2015 to mid January 2016, the main proposals were developed in the areas of Lean Manufacturing and Ergonomics. In fact, contrarily to the first stage, where all the supporting courses' subjects should be properly addressed, in the improvement proposals' stage a single theme might be considered if, obviously, both the inherent workload and relevance for the company are adequate. During the whole semester, the project is supervised by a coordination team composed by the teachers of the project supporting courses, the team's tutors and the researchers that provide pedagogic support to IPIEM II. Furthermore, professionals from the six companies involved in this edition also support the project (company tutors). The companies are from several types of industry: (Company C) textile yarn and fabrics for the automotive industry, (L) electrical wiring for industrial machinery, (V) electrical capacitors (I) furniture, (S) files and handsaws, and (R) plastic films for packing. In brief terms, the main production processes involved are: company C -winding (yarn), weaving (fabrics) and finishing; company L -cutting (wires), interlacing (cables), and welding/crimping (connectors/terminals); company V -winding (insulators and conductors) encapsulation and welding (terminals). Companies I and S involve the typical processes of wooden furniture and metal mechanic industries, respectively. Finally, in company R, the main process is the extrusion of the plastic film.
Research methodology
A qualitative approach was used in this study, in order to get an in-deep understanding on how university and industry can cooperate in a context of PBL. In this sense, technical solutions developed by students were analysed and an overview about the process (e.g. benefits, constraints, suggestions) was carried out, considering the perceptions of companies' representatives and of students involved.
In short, the methodological approach considered in this work is based on two main activities. First, in order to describe the technical solutions developed by students' teams, a document analysis was carried out based on project reports and blogs (the two main deliverables of each team of students). This analysis permits to identify the main technical contributions of the projects, both for the development of the expected competences and for the improvements and innovation expected by companies.
Second, an evaluation of the process was carried out at the end of the project using two different approaches: (i) Five semi-structure interviews were conducted with professionals from five different companies (recorded and transcribed verbatim). The main topics discussed were positive results for the company, difficulties of the process and suggestions to be implemented in further projects; (ii) Students' perspectives were also considered, taking into account a questionnaire carried out at the end of the project (n=25) in which they could identify the positive and less positive aspects of the process, as well as suggestions of improvement.
The analysis of the data collected will be presented in the following sections.
Technical solutions developed by students
The technical solutions proposed by the students were focused in very different aspects of companies and their workplaces. All the solutions were based in previous diagnostic of the corresponding production systems.
Allowing to establish a link between the type of solution and the involved companies, the reference of each case is composed by the first letter of the company's name. Other details of the proposed solutions are not presented in the current paper due to obvious space limitations.
Due to the broad nature of the proposed solutions, these are presented in the following sections according to a classification into different domains.
Physical environment improvements
Almost all the workplaces have some type of potential improvement in what regards physical environments, as most of them are far from what it is considered to be the most comfortable setting or the ideal physical environment. However, during the diagnosis phases, two major problems were identified by the groups: i) in the company R it were identified low levels of lighting in visual demanding workplaces, which are more critic as the need of accurate vision is higher than in other analysed workplaces. The technical proposed solution was to increase the number of lamps and its power, taking into consideration that there was a need to ensure a uniform light intensity distribution along the workplace areas of about 300 lux; ii) in the company V some workplaces were identified as being exposed to sound pressure levels higher than the maximum threshold defined in the legislation. The technical proposed solution was, in this case, to implement a physical encapsulation of the feed area of the machine.
The identified impact of the proposed solutions for both solutions are, respectively, an increase of lighting levels, with the consequent increase of workers' well-being and a reduction of visual problems, which may also lead to a lower probability to make errors and an improved product quality. The second solution will imply a lower noise exposure and the preservation of the workers' hearing levels.
Manual materials handling and critical postures
Industrial activities, such as the one that were analysed thorough the majority of the workplaces, have some transportation activities (materials, tools, finished products) between different locations in the company. Some of these transportation activities imply high-risk situations, namely in what concerns the risk of work-related musculoskeletal disorders (WRMSDs).
In company R, some of these high-risk activities have been identified and the proposed solution was the adoption of mechanical aid, consisting of a mechanical crane with a pressure application pinch that can be used to lift and lower heavy loads. With such a decrease of the manual handling, as well as the decrease of the loads in some activities, a decrease in the overall risk is expected as it was demonstrated by the computations presented with a risk assessment method. This will have, hopefully, a significant impact on the absenteeism and/or in reported pain or discomfort by involved workers
In company S, the problem was not related to the loads but with the frequency of the load handling in very low shelves. The proposed technical solution was to redesign the transport trolley, with a new design and placement of the shelves. The trolley was completely redesigned and shelves can now be moved through the use of a pedal. A significant reduction on the adoption of critical postures was obtained, as demonstrated by the results of the application of a posture risk assessment tool.
Finally, in the company V, excessive load activities were also found when handling the finished product boxes. For this, a redesign of a plastic box with lower capacity and handles was proposed, which will reduce the handling activities and minimize the risk of WMSDs.
Accident prevention
Accident prevention is always a major issue when it comes to risk analysis and control at industrial companies. The idea here was to identify those situations that are more prone to originate a high risk of accident and propose mitigation measures. For example, in company L, a possible fall out of the reels when they are being used at the warehouse shelves was identified as being a major accident risk situation. For this, it was proposed that reels can be protected by a barrier mechanism that can be easily opened when a specific reel is being used. The solution included the creation of a "two-arms" barrier that can be easily opened. This will prevent the falloff the reel with the corresponding elimination of its consequences.
In company C, the major risk was the handling of the fabric rolls and the transport to the expedition truck, which is done manually and with a fork-lift truck and it represents a clear accident risk factor. Several measures can be adopted and were proposed, one consisted in including the handling of the rolls based on a mechanical "arm". Additionally, it was also proposed that the rolls' palette should be specifically designed to avoid the movement of the rolls, allowing a more flexible handling of the fabric rolls. This solution will have a high impact on the reduction of handling load for the operator but the corresponding costs are high for the company.
OEE monitoring & improvement
Overall Equipment Effectiveness (OEE) is a performance indicator designed to measure the utilization of critical equipment in three different dimensions, Availability, Performance and Quality (Hansen, 2001 ). In two companies, this indicator was addressed in the student´s project in two different ways. In company R1 this indicator did not exist since they did not have any recording practices. The team had to create printed forms for the operator to record OEE related data. Additionally, the team created Excel sheets to store, compute and display results. The worksheet developed computes data and creates reports and important graphs to show visually information to managers and workers. In a very short period of time a better knowledge of machine utilization was achieved leading rapidly to productivity improvements.
In company L, OEE monitoring was already a reality for several years, but its value was a very low OEE (27%) in a specific set of machines. This low OEE was due to the high number of setups taking place in order to keep low inventories. Students applied the technique known as SMED (Single Minute Exchange of Die) (Shingo, 1985) to reduce the machine changeover. Students end up creating new setup standards with small changes in the machines to allow parallel setup operations with one more operator in the setup. These changes resulted in a reduction of setup time from 11 minutes to 6 minutes in average.
Cell layout and flow improvement
A very common characteristic of non-lean practices in production is poor layouts with a very complex network of material's routes, high levels of transport and motion waste and WIP everywhere in the shop floor. Companies R and L are very good examples of companies with these practices. These practices are very commonly found in production systems organized in process based approaches with little concern on flow, which is one of the key principles of Lean Manufacturing. In company R students designed a new layout more flow oriented with less transport and motion waste. Machines were moved to better locations and some machines were also changed to separate loading from unloading. The changes in layout resulted in better access to load and unload materials with less transport and motion waste; more utilization of worker in value adding activities since non-adding value operations were removed; better material flows with less WIP; and higher productivity.
Company L although with similar problems reported for company R, had also problems related to unbalance workstation capacity. Students also developed a new layout, moving machines to new locations according to the main flow of materials. Workstations were also balanced and the batch size was reduced in order to improve flow. The results achieved were basically a 77% reduction in transport distances, as well as a throughput time reduction of 50%.
Internal logistics
Internal logistics is an important issue in most companies, but especially in companies with a focus on assembly operations. Transporting components from warehouses to assembly lines or cells does not add value to products but uses a quite large amount of resources in companies. Large amounts of inventory of components in different shop floor locations, a lot of handling, and parts missing in the assembly area, are examples of typical problems found in this type of production. Company C was diagnosed by students to have high levels of WIP, lack of flow, and communication problems. Students designed and implemented a pull system to manage the flow of materials from the warehouse to the assembly area and also designed and implemented a new layout of the material warehouse in order to minimise distances to be travelled by workers. With these improvements, students reached a 50% reduction of WIP and throughput time of materials on the shop floor.
Company S had a more organized internal logistic system with a mizusumashi to deliver materials to the assembly areas. The main problem identified by students with this system was the high variability of routes taken by the mizusumashi as well as the route time's unpredictability. Students proposed a new layout to the existing supermarkets and created new standards for the mizusumashi routes as well as new standard to the mizusumashi operations. The implementation of these new standards and new layouts led to a 30% reduction on the time spend in the supermarket and 20% less time in the mizusumashi routes.
Cell balancing and setup reduction
Cell and line balancing is a classic issue in production studies and its complexity increases as the mix of products to be assembled in the cell or line also increase. In the presence of relevant machine changeover needs the problem becomes even more complicated. Company V was an example of all these issues in an assembly cell. In the assembly cell analysed by students, products need to go several times through stoves for several hours and some machinery need changeovers every time a new product had to be assembled. Large amounts of WIP were a reality in the cell, the cell was very unbalanced, setup times were high and low productivity was recognized with many types of production waste in the cell. A new layout was proposed and implemented by the team of students as well as new allocation of operations to workstations in order to better balance the cell and improve its efficiency. With this new cell design, the number of workers needed to operate the cell was reduced from 7 to 5 and the lead time was reduced in 68%. The team also applied the SMED technique to reduce the setup time in a critical machine achieving a reduction from 87 to 29 minutes.
Process evaluation
For the purpose of evaluating the process in terms of the projects developed, professionals and students' perspectives were considered. The data analysis point out two main ideas: (1) PBL as an added-value for students learning; (2) Benefits for companies; (3) Constraints and recommendations for practice.
PBL as an added-value for students learning
Several studies highlight the importance of PBL for students' learning, in terms of engagement, motivation, develop competences related to professional practice, amongst other issues (Fernandes et al., 2014; Kolmos & Holgaard, 2010; Lima et al., 2007) . When PBL is developed in real contexts, like a company, students have the opportunity to develop technical competences but their learning experience go further because they start to feel what is like being an industrial engineer: solve different problems (production and planning, organization, logistics, ergonomics), communicate to the CEO of the company, get information, observing and analysing the system, interact with operators, trying to implement changes, etc. In other words, the students have the opportunity to practice the professional practice.
The data collected in the context of this study reinforce this statement. From students' point of view the added-value of PBL is to use the content from different courses in real and complex industrial environments. The most positive aspect of PBL, for one of the students that responded to the questionnaire is: "to apply the knowledge in ways that I will never forget". This shows how PBL have impact on students learning. Moreover, be within an industrial context, dealing with real problems and interacting with professionals are also issues highlighted by the students.
Analysing interviews to the professionals involved in PBL it is possible to reinforce the importance of PBL for students as an opportunity to practice the professional practice, in which they have a real context that create an environment where a deep learning can happen, as it is possible to identify in these examples provided by the companies' representatives:
Basically, these students starts to see a different reality […] the company, the machines, the operators, to see the people… and I think this is very interesting for them (Company V) I have to tell you this: I was delighted with these students, with their performance, interest […] For instance, they had lunch in our canteen and started to be inside of our world. For many people this not a big deal, but for me means a lot, which is the ability they had in integrating with people, in our daily routines. And this happened because of them, because they wanted to! (Company L) I realize that they understood our way of work very well, and it is not easy. We've already had several groups of students here and at the end they appear with unrealistic and impractical solutions. But this group came with a very simple and practical approach for the processes and also for the possible solutions. We have had conceptual discussions during the project and they considered that feedback in the proposals… and I think this is a very positive point! They really have been able to create viable solutions and ideas [...] 
(Company S)
In fact, developing a project in an industrial environment provides learning experiences that go beyond the content applied. Students become more confident for the challenges of professional practice (Mesquita, 2015) .
Benefits for companies
If the PBL is an added-value for students learning, what are the benefits for the companies engaged in the process? The win-win approach is an important purpose for an interaction between universities and companies. The sustainability of cooperation depends on that.
In this sense, companies' representatives were asked about what were the main advantages of this type of project, in terms of potential and contributions for the company, that keep them interested to participate over the years. Analysing the data three benefits were identified, namely: (i) technical results; (ii) think outside the box; (iii) recruitment opportunities.
(i) Technical results:
In the section 4 the technical solutions developed by students were presented in detail. From point of view of the companies' representatives, these results are impressive because the proposals presented by the students are possible put in practice. During the project students go the company once a week (or more) to collect data, they discuss the ideas with several teachers who support them to develop those ideas in order to create coherent and significant proposals, like this one:
We are talking about machines that cost around 250 thousands euros. The setup is crucial. They [students] present results in which we could have gains around 2 minutes. This means going from 4' 75" to 2' 75" in a section here we have 14 cutting machines working in two shifts, making around 500 setups per day… we are talking about more than a 1000 minutes, which means, is one machine! (Company L)
The impact of the proposals presented by the students, sometimes, go further. In this example, the company representative mentioned that the OEE solution (for more details see section 4.4) was so significant that he started developing more ideas to implement. Thus, the project might be also considered a starting point for other changes in industry contexts.
[…] the proposals developed by the team are so viable and real that can be implemented […] the OEE [Overall Equipment Effectiveness] was one of the main topics that we needed here in the company to develop and the team done more than we've expected! So, for us, the objective was overcome because they got together all information that is relevant and this also help me to get other ideas… layout changes, milk run, for instance (Company R) (ii) Think outside the box Another benefit identified by the companies' representatives is the opportunity to get some inputs about the company from the outside, providing a space for creativity and innovation. The proposals developed by students are based on a fresh look about the company system. For them, everything is new, everything is possible. According to one of the professionals:
[…] they can think out of the box and they can pay attention the some situations that for us are invisible, we don't see them at all! Something are simple things, but for us is not so obvious (Company C)
The importance of students visit the company every week, to question about the processes and situations that they are studying, turns visible what for the professionals in the company is invisible.
It is the example of the screens! In that time it was important for the costumer to see that we have a specific area for their products (dedicated assembly line) and it also made sense considering the way that we used to work. But not now! We changed the way has we work but the screens are still there, until the students questioned about it… very well, indeed… because the screens affected the field of vision of the operators! (Company L) (iii) Recruitment opportunities:
As aforementioned, this type of projects provides a strong interaction between students and their professional practice. In this context, students have the opportunity to show their competences, a combination between technical and transversal ones. For instance, the professional contexts imply to use knowledge in different ways: explain to an operator the way he/she needs to change the process; explain to the CEO the problems and solutions provided. Thus, the company representatives have the opportunity to know students' profile and this is a long-term benefit for the companies, as mentioned by this professional:
I was doing interviews to recruit four engineers. If these students, who did the project, already had the degree, I would not even to do interview! I wish I could give everyone the opportunity to work here! (Company L) In fact, some of the companies that are involved in these projects are alumni students. They have also done this project and now are on the other side and, for that reason, recognize the benefit of these projects for both, universities and companies.
Constraints and recommendations for practice
The overall perspective of the companies was positive, but some of them pointed specifically three difficulties, namely (i) Lack of communication between university and company; (ii) To be available to interact with the students; (iii) Workload needed to evaluate and implement solutions proposed by the students. Nevertheless, based on the experience of the teachers involved and the suggestions made by students and companies' representatives a set of recommendations for practice will be also presented, in order to support those who want to implement a PBL approach in interaction with industry.
(i) Lack of communication between university and company
Communication between university and company is essential for the success of cooperation (Healy et al.,) . In PBL context, the communication process between teachers and companies' representative starts before the project, by aligning expectations, defining problems to be analysed by students, and to agree on the milestones for the project. During the project, tutors are responsible to follow up their teams in the company. At the end of the project, the coordinator of the project collects feedback from the companies' representatives about the whole process and the team performance. Thus, communication is essential to make the PBL works but is one of the most difficult dimensions in practice, as mentioned by this example:
The students came here always alone and don't have, in my perspective, a person from the university to support them here. Don't have to be always, but in the first visit, for example, I think is crucial to align expectations and also to know all the people involved. (Company V) In fact, this is an issue that needs to be improved in the future because students also recognize the communication between university and company as the less positive aspect of PBL.
(ii) To be available to interact with the students One of the difficulties identified by all companies' representatives that were interviewed is the difficulty to be available to interact with the students every week, because they have other tasks and responsibilities during that day. Thus, it is important to prepare students previously for that.
I am here in the speed of light, always running, always with several things at the same time, lots of meetings and emails… it is hard and I cannot stop everything to check what students are doing (Company V)
We've always tried to do a meeting with them in the beginning and at the end of every visit, but not always is possible to give them the support they need for several reasons (Company S) (iii) Workload needed to evaluate and implement solutions proposed by the students During the project student analyse and develop proposals for problems identified also by them. Some of the proposals can be implemented immediately and others requires an in-deep analysis from the company, because might affect different departments, for instance. Thus, one of the difficulties identified is the work that is needed to do after the project in order to evaluate the proposals.
I need to recognize that, sometimes, we don't have enough time to be dedicated to analyse the implementation of all the proposals. At this moment, I don't have resources to have an engineer to test and apply the proposals. Some of them were immediate because we've already work one them, but other, need to be in stand by (Company R) […] in this moment I have interesting data that students delivered me in a report but now I have to work as a hell in terms to put that into practice and I have to back to the beginning (Company V) Based on these difficulties a set of recommendations will be presented Table 4 in order to support those who intend to implement PBL in interaction with industry. 
Dimension Recommendation

Communication
PBL is an open project, so it is important aligning expectations between university and company, not only in the beginning but reinforcing during the process, in order to guarantee that is clear for all stakeholders what is expected. The contact between teachers and the company need to be more frequent during the project. So, it is recommended using the project milestones as a moment to do an evaluation of the process. This action will contribute for the previous one. The companies' representatives must be invited to attend students' presentations. It is a great moment to get feedback from all stakeholders involved. Tutors must be able to go to the company, at least, two times: in the first visit and in the end of the project. Mine while, it is recommended to be aware of students' needs and interact to the company by email, for instance.
Preparing the students
Reinforce with the students the importance of the weekly visits, particularly in the beginning of the project in order to understand how the company works. Depending on the type of company, students must be aware of their behaviour during the visits (e.g. appropriate cloths, language). It is important to do a final presentation at the company. Students must realize that do a presentation in a company is different to do a presentation at the university.
Future work
In the end of the project, future collaboration must be considered. Open possibilities: to develop the project proposals, avoiding the workload, come up with a capstone or a final project; discuss briefly the problems that can be analysed in the next PBL; …
Conclusions
It is believed that project based learning in the real context is a very effective way for students to build solid professional competences. In this work, different industrial engineering students' teams had to go through real projects in industry under a project based learning framework. In this context, students' teams had to identify problems or opportunities for improvement, and develop effective engineering solutions for companies. This article reports several effective solutions in ergonomics and lean manufacturing areas, with very good results in terms of performance and ergonomic improvement according to feedback from teachers and professionals from those companies. The presented solutions in lean manufacturing areas included OEE monitoring implementation, OEE improvement, setup reduction through SMED, cell layout, balancing and flow improvement, and Internal logistics systems improvements. In the ergonomics and human factors related areas, solutions included physical environment improvements, manual material handling improvements, critical postures reduction and accident prevention.
This work presented a contribution for the development of projects in interaction with industries, showing that it is possible to create learning environments encompassing real industrial contexts. These environments create the opportunity for students to identify and define real industrial problems and propose viable solutions. Furthermore, these projects are developed in a context of curricular integration of five courses, which enrich the students' learning that have the opportunity to solve problems of a higher complexity with the help of several teachers with expertise in different knowledge areas.
The feedback from professionals of the companies involved is very positive as can be shown in statements such as "I think it makes perfect sense, these projects are an added value for the university, for the companies, for the labour market, and Portugal needs it!"
